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1. Introduction

ABSTRACT

The sedimentary basin of Kopeh- Dagh is located in the northeast of Iran. The study of 80 microscopic
thin sections from Bajgiran and Bazangan sheet with (1:100000) scale which belonging to the Tirgan
Formation in the center and east of the Kopeh-Dagh sedimentary basin, led to identified of 15 species
belonging to 11 genera of small benthic foraminifera. The identified foraminifera from the point
of view of paleoecology were investigated. The Tirgan Formation in Bajgiran and Bazagan sheet
consists of oolitic limestones, marly limestones, oolitic limestones with Orbitolina and biosparite
limestones. The identified genera and species of foraminifera in Tirgan Formation suggest Barremian-
Aptian age, and for determining accurate age additional studies are required. The sediments of this
formation were deposited in the middle and outer part of the continental shelf under aerobic to
semi-aerobic conditions. The association of benthic foraminifera and the absence of plankton
foraminifera in the Tirgan Formation indicate this formation was deposited under shallow water
conditions during the Barremian-Aptian age. Petrographic studies have also confirmed the formation
deposited from the shallow lagoonal environment to the shallow open marine, which is consistent and

similar to the studied foraminiferal assemblage.

be noted that no research work has been done in this field so far.

The sedimentary basin of Kopeh-Dagh in the northeast of Iran has
been considered for a long time because of hydrocarbon materials.
Geological maps are essential tools for geological studies. In this
research, the collection of small benthic foraminifera belonging
to the Tirgan Formation in the geological maps with a scale of
1:100000 of Bajgiran and Bazangan in the Kopeh-Dagh basin
prepared by the Geological and Mineral Exploration Organization

is systematically described, and paleoecologically studied. It should

In Bajgiran sheet (Naderi-Mighan, 2005) Tirgan Formation laid
under the Sarcheshmeh Formation conformable, and in some areas,
their contact is faulting. In the northern parts of the map, due to
regression, the Sanganeh Formation with a disconformable contact
is placed on top of this formation (Nadri-Meighan, 2004). The lower
and upper boundary of Tirgan in the Bazangan map are the same as the

Shaurijeh and Sarcheshmeh Formations, respectively, due to facies

* Corresponding author: Maryam Motamedalshariati; E-mail: mmotamed@birjand.ac.ir

Citation:

Motamedalshariati, M., 2025. Systematics and paleoecology of small benthic foraminifera of Tirgan Formation in Bajgiran and Bazangan sheets in Kopeh-Dagh

sedimentary basin, northeast of Iran. Scientific Quarterly Journal of Geosciences, 35(1), 135, 19-38. https://doi.org/10.22071/gsj.2024.471456.2153.

E-ISSN: 2645-4963; Copyright©2021 G.S. Journal & the authors. All rights reserved.

d- doi: 10.22071/g5j.2024.471456.2153

B;E’ dor: 20.1001.1.10237429.1404.35.1.2.3

This is an open access article under the by-nc/4.0/ License (https://creativecommons.org/licenses/by-nc/4.0/)
BY NC

19


https://www.gsjournal.ir/article_213007.html?lang=en
https://www.gsjournal.ir/article_213007.html?lang=en
https://www.gsjournal.ir?lang=en
https://www.gsjournal.ir/article_213007.html?lang=en

Systematics and paleoecology of small benthic foraminifera of Tirgan ..../ Maryam Motamedalshariati/ G.S.J. 2025, 35 (1): 19-38

changes and disconforable (Roshanravan and Navabpour, 2004).

The sedimentary basin of Kopeh-Dagh has been investigated
by many researchers from different geological points of view. The
primary research regarding to this study including; Roshanravan
and Navabpour (2004) prepared a geological map of Bazangan
sheet, in 1:100,000 scales. Naderi -Miqan (2004) prepared a
geological map of Bajgiran sheet, in 1:100,000 scales.

Studies and researches on the biostratigraphy of the Tirgan
Formation based on the content of foraminifers and algae present
in it have been carried out by many researchers such as: Taherpour
et al. (2010, 2013); Bucur et al. (2019); Gheiasvand et al. (2019).

2. Research methodology

Eighty thin sections were prepared from Tirgan Formation (in
Bazangan and Bajgiran maps) in the Geological and Mineral
Exploration Organization, Mashhad Center. Thin sections were
studied with a binocular microscope. Some thin sections containing
suitable and identifiable specimens of foraminifera were selected
and photographed using a special camera. Plates were prepared
from the pictures taken, and with the help of published books
and papers related to the small benthic foraminifers of the Lower

Cretaceous, their identification was done in thin sections.

3. Results and discussions

3.1. Paleontology Systematics

In the present study, the systematic description of the identified
foraminifera has been discussed. Many articles have been used
to identify the studied species, which are mentioned in the text.
The following sources have been used to classify them. Holbourn
and Kaminski (1997), Kaminski (2014), Loeblich and Tappan
(1988). Using the mentioned references, 11 genera and 15 species
of benthic foraminifera were identified. In order to save writing,
examples of each map are given in abbreviated form as follows.
82-Nm represents foraminifera in Tirgan Formation in Bajgiran
sheet and 79-b represents foraminifera of Tirgan Formation in

Bazangan sheet.

Phylum: Sarcodina Loeblich and Tappan 1964
Class: Rhizopoda Loeblich and Tappan 1964
Order: Foraminiferida Eichwald 1830
Family: Cuneolinidae Saidova, 1981
Subfamily: Cuneolininae Saidova, 1981
Genus: Cuneolina d’Orbigny, 1839
Type species: Cuneolina pavonia d’Orbigny, 1846
Cuneolina sliteri Arnaud-Vanneau & Premoli Silva, 1995
Plate 1 Fig. A
Sample number: 82-Nm-44
-Description: Test free, compressed conical shape starts with a
small planispiral which followed with wide, short and multi-rowed
chambers. At the beginning, the chambers are a little compact and
are divided into chamberlets. They are generally quadrangular and

subdivision is done with a series of horizontal and vertical plates

that are parallel to the septa. Wall agglutinated.
-Distribution: This specimen is global and was reported by
Loeblich and Tappan (1988) during Lower to Upper Cretaceous age

from America, Europe and China.

Family: Charentiidae Loeblich & Tappan, 1985
Genus: Charentia Neumann, 1965
Type species: Charentia cuvillieri Neumann, 1965
Charentia cuvillieri Neumann, 1965
Pl 1 Fig. B
Sample number: 82-Nm-31
-Description: the longitudinal section test is relatively long free
with almost arcuate to round peripheral form. In the side view,
test is compressed form. Chambers are triangular in shape. In the
transverse section, in the first stage of test growth, it is complex on
the surface and then is partially in an uncoiled form. It has twelve
Chambers in the last whorl. The observed image is a longitudinal
section of the genus. Wall agglutinated Distribution: This specimen
is reported in Cenomanian age by Neumann (1965) from France,
and also recorded from Iran and west of Kopeh- Dagh with
Barremian-Aptian age by Taherpour et al. (2010), moreover Bucur
(2019) and Yavarmanesh et al. (2017) assigned lower Barremian-

Aptian age from Kopeh- Dagh.

Family: Mayncinidae Loeblich & Tappan, 1985
Genus: Mayncina Neumann, 1965
Mayncina bulgarica Laug, Peybernés and Rey, 1980
Pl. 1 Fig. C
Sample number: 82-Nm-44

-Description: Disk-shaped to lenticular test, the wall agglutinated,
the chambers are relatively wide, short, triangular to arch-shaped,
which are inclined towards the apertural surface and are arranged
in a planispiral form. Sutures slightly depressed, aperture indistinct
chambers tending to be non-coiled. In the semi axial section, an
important opening can be seen between the chambers and the
margin of test.

-Distribution: this specimen was reported with late Barremian-

early Aptian age from Kopeh- Dagh, Iran by Schlagintweit (2014).

Suborder: Miliolina Delage & Herouard, 1896
Superfamily: Miliolacea Ehrenber, 1839
Family: Hauerinidae Schwager, 1876
Subfamily: Hauerininae Schwager, 1876
Genus: Quinqueloculina d’Orbigny, 1823
Type species: Serpula seminulum Linne, 1758
Quinqueloculina egmontensis, Lloyd, 1962
Pl 1, Fig. E
Sample number: 82-Nm-11
-Description: In the transverse section, the shape of test is generally
ovoid to circular with a rounded margin, and the chambers form an
angle of 72 and 144 degrees. Usually, eight chambers are visible

on the outer surface. The wall is relatively thick and made of
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imperforate porcellaneous. The aperture is not clear.
-Distribution: This specimen was reported from Romania with an
earlier Briasian-Aptian age by Neagu (1986) and from southeast
Lesser Caucasus, with a Barremian-Aptian age by Voznesenskii et
al. (2002).

Genus: Quinqueloculina d’Orbigny, 1823
Type species: Serpula seminulum Linne, 1758
Quinqueloculina sp.
Pl. 1 Fig. D
Sample number: 79-b-50

-Description: The shape of test is ovoid to circular with a rounded
border, the chambers form an angle of 72 or 144 degrees with
each other in any whorl of coiling. Usually, five chambers are
visible on the outer surface. The material of the wall is imperforate
porcellaneous.

-Distribution: Kazemzadeh et al. (2013) reported from Zagros

from Cretaceous-Holocene age.

Superfamily: Lituolacea deBlainville, 1827
Family: Haplophragmoididae Maync, 1952
Genus: Debarina Raoult, Fourcade, and Vila 1972
Type species: Debarina hahounerensis Fourcade etal., 1972
Debarina hahounerensis Fourcade et al., 1972
Plate 2 Fig. B
Sample numbers: 82-Nm-40, 79-b-53
-Description: Test planispiral with ten to eleven chambers that
have gradually become larger. The wall is microgranular, simple
aperture is located on the apertural face.
-Distribution: the identified specimen reported from Torbat
Heydarieh, Central Iran, Kopeh-Dagh, Northeast Iran respectively
by Khodashenas et al. (2014), Babazadeh and Esmaeili dehej
(2015), Yavarmanesh et al. (2017), Gheiasvand et al. (2019), with a

Barremian-Aptian age.

Debarina sp.
Plate 2 Fig. A
Sample number: 82-Nm-73

-Description: Test planispiral evolute to partially involute,
chambers up ten to 13 in the last whorl which have gradually
become larger. Sutures are clear and slightly depresed. The material
of the wall is microgranular limestone.
-Distribution: It was reported from Algeria, Spain and Italy of
Aptian age by Loeblich and Tappan (1988).

Family: Lituolidae de Blainville, 1827
Subfamily: Ammomarginulininae Podobina, 1978
Genus: Ammobaculites Cushman, 1910
Type species: Spirolina agglutinans d’Orbigny, 1846
Ammobaculites subcretaceous Cushman and Ten Dam 1930
Plate 2 Figs. C, D
Sample number: 82-Nm-34, 82-Nm-31
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-Description: Small to medium-sized test, wall coarse-grained
sandy limestone, in the longitudinal section, the type of coiling is
at first planispiral , and in the next stage, chambers are arranged
as a monoserial linear sutures between chambers are distinct and
depressed. The aperture is simple and terminal.

-Distribution: This specimen was reported by Neagu (1965)
from Romania with Aptian age and Weidich (1990), with Aptian-

Cenomanian age from Germany.

Superfamily: Spiroplectamminacea Cushman, 1927
Family: Spiroplectamminidae Cushman, 1927
Subfamily: Spiroplectammininae Cushman, 1927
Genu: Spiroplectammina Cushman, 1927
Type species: Textularia agglutinans d’Orbigny var. biformis
Parker and Jones, 1865
Spiroplectammina sp. Ten Dam, 1950
Plate 2 Fig. E
Sample number: 79-b-15, 8§2-Nm-34
-Description: Test is long and slightly compressed, in the first
stage of the test’s growth, chambers show a planispiral on the
surface, and then seven pairs of chambers are arranged biserial on
the primary part. The sutures lines are straight to slightly arcuate
and depressed. The structure of wall is agglutinated. The aperture

is simple and terminal.

The test margin is smooth, slightly curved.

-Distribution: This genus is global and was reported by Loeblich
and Tappan (1988) to be of Carboniferous-Holocene age. It was
also reported by Mitchella and Carr (1998) from northwestern

Europe with a Cretaceous age.

Rumanoloculina robusta Neagu, 1985
Plate. 1 Fig. F
Sample number: 8§2-Nm-10
-Description: Ovoid to oval test, the marginal of the test is round,
the chambers make an angle with each other in successive whorls
usually five chambers are visible on the outer surface. The wall is
imperforate porcellaneous limestone.
-Distribution: This species was reported by Yavarmanesh et al.

(2017) from Kopeh- Dagh with a Lower Cretaceous age.

Family: Verneuilinidae Cushman, 1911
Subfamily: Verneuilinoidinae Sulaymanov, 1973
Genus: Gaudryinopsis Podobina, 1975
Gaudryinopsis sp.
Plate 2 Fig. F, Plate 3 Fig. A
Sample number: 82-Nm-73, 79-b-32, 82-Nm-44
-Description: Elongated test, with an initial stage of three serial
chambers that immediately change to biserial, from side view
chambers are slightly raised parallel to each other sutures are
depressed. The wall is fine-grained limey sandstone, the aperture
is simple but not visible.

-Distribution: This genus is spread out global and was reported
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by (Loeblich and Tappan, 1988) with late Triassic-late Eocene age
and also by Ivanova and Kolodziej (2010) from Poland with late

Jurassic-lower Cretaceous age.

Family: Verneuilinidae Cushman, 1911
Subfamily: Verneuilinoidinae Suleymanov, 1973
Genus: Verneuilinoides Loeblich and Tappan, 1964
Type species: Verneuilina schizea Cushman and Alexander, 1930
Verneuilinoides neocomiensis Mjatliuk, 1939
Plate 3 Fig. B
Sample number 82-Nm-40

-Description: Test is free, relatively elongated, chambers are
almost oval, flat, which gradually increase in terms of dimensions,
the line of seams is clear, sunken, the end opening and on the level
of the last cell, wall is limestone.

-Distribution: This species was reported by Riegraf and
Luterbacher (1989) from the Indo-Atlantic Ocean with Beriasian-
Aptian age and from northwestern Australia by Jones and Wonders
(1992) with Tithonian-Aptian age.

Superfamily: Nodosarioidea Ehrenberg, 1838
Family: Vaginulinidae Reuss, 1860
Subfamily: Lenticulininae Chapman, Parr, & Collins, 1934
Genus: Lenticulina Lamarck, 1804
Type species: Lenticulites rotulatus Lamarck, 1804
Lenticulina sp.1
P13 Fig. C
Sample number: 79-b-63

-Description: Test biconvex medium to large fusiform, wall
hyaline with a sharp margin that has a keel. The suture lines are
raised slightly arched. Four to five chambers can be seen in the last
whorl of spiral.
-Distribution: This species is recorded by Khodashenas et al.
(2014) from northeast Torbat Heydarieh with Barremian-Aptian
age and by Babazadeh and Esmaeili Dehej (2015) from Yazd block

of central Iran with Lower Cretaceous age.

Lenticulina sp.2
P13 Fig. D
Sample number: 82-Nm-75
-Description: A small lenticular convex test with sharp margin
that has a keel. Wall is hyaline. The sutures are flat, straight line,
somewhat arc-shaped, which oriented towards the edge of the test.
In the last whorl there are eight to nine chambers.
-Distribution: Weidich (1990) reported this species with a
Cretaceous age and also by Holbourn and Kaminski (1997) from

Site 766 in the Indian Ocean with a Barremian-Albian age.

Lenticulina sp.3
P12 Fig. A
Sample number: 79-b-74, 8§2-Nm-24

-Description: The lenticular test is small, convex, and partly

involute. It contains ten to eleven chambers. The sutures are nearly
arched and raised, the test margin is thick, clear and has a keel.
-Distribution: similar to this species is reported from sites 763, 766
of the Indian Ocean with Aptian-Albian, late Valanginian-Albian
ages, respectively (Holbourn and Kaminski, 1997).

3.2. Paleoecology

Foraminifera community is a valuable tool for interpreting the
deposition conditions in the sedimentary basin (Boudagher-Fadel,
2008).

In the paleoecological studies of Tirgan Formation, the high
diversity of small benthic foraminifera, and fragments of some
macrofossils such as rudists, gastropods, echinoderms and
bryozoans were used for reconstructing the paleoenvironmental
conditions.

Milliolids communities such as Quinqueloculina sp. live in a very
shallow and low-energy environment with fine-grained sediments
that have been exposed to temperature and salinity fluctuations
(Gréfe, 2005; Dragastan et al., 2005).

According to Omana (2019) discoid and cone-shaped
foraminifera with a relatively large size, such as Cuneolina can
represent an environment with moderate hydrodynamic energy and
shallow waters.

Milliolidae, Charentia, Mayncina, Rumanoloculina often are
known epifaunal assemblage with high oxygen content and low
nutrients. At the same time Vercorsella and Cuneolina species are
infaunal with high nutrient content and low oxygen content. These
species have adapted to almost limited environmental conditions in
shallow sea environments (Jorissen et al., 1995).

According to Scott (1978) Communities dominated by deposit
feeders characterize the mud substrates that are extensively
reworked by the infaunal organisms. Deposit feeder foraminifera are
seen in environments where the food is usually stable and regular,
so it can be said that the presence of deposit feeder foraminifers in
the studied sections can be evidence of the amount of suitable food
at the time of deposition Sediments of Tirgan Formation.

The presence of milliolids can also be a sign of the sediments
being deposited in a shallow and warm Kiani Shahvandi and
Lotfabad Arab (2021).

Orbitolins are present in some studied sections of the Tirgan
Formation. According to Yazdi-Moghadam et al. (2008) the
shell thickness in Orbitolins can depend on the depth of its life.
Considering the thickness of the shell in the identified genera, it can
be attributed to the shallowness of the sedimentary basin in the time
of deposition of Tirgan Formation.

Rogl and Spezzaferri (2003) stated the genus Lenticulina with a
hyaline test and a convex shape is suboxic indicator, which includes
both epifaunal and infaunal dwellers under high-oxygen bottom
conditions that are commonly epifaunal dwellers in low-oxygen
bottom-water conditions. the genus lived in the middle and outer
parts of the continental shelf to the upper parts of the deep sea in

aerobic to semi-aerobic environments.
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Ammobaculites is a small agglutinated benthic foraminifer with an
elongated and semi-cylindrical shell, which belongs to the shallow
part of the coast and in semi-aerobic to aerobic conditions and low
to medium food, and have been seen in relatively shallow coastal
waters (Carrillo et al., 1995).

The presence of spicules of sponges and bryozoan fragments can
also represent a shallow sedimentary environment (Murray, 1991;
Holcova and Zagorsek, 2008; Pippérr and Reichenbacher, 2010).

Based on existing of macrofossils such as fragments of bryozoans,
echinoids and brachiopods in corporation with small foraminifers
in the Tirgan Formation, it can confirm an environment with normal
water salinity and a stable environment (Nouradini et al., 2015).

Milliolid communities are related to a shallow and low-energy
environment (lagoon environment) with fine-grained sediments
that are exposed to temperature and salinity fluctuations (Gréfe,
2005; Dragastan et al., 2005). The Genera such as Istriloculina,
Charentia, Mayncina, Rumanoloculina, also like milliolides, lived
on the surface of sediments with high levels of oxygen and low

nutrients (Jorissen et al., 1995).

4. Conclusion

In this research, 14 species belonging to 11 genera of small benthic
foraminifers were identified by studying 80 thin sections from the
Tirgan Formation related to the geological maps of Bajgiran and
Bazangan, and based on this, the Late Barremian to Early Aptian

age was suggested for this formation.

23

In accordance with studied assemblage foraminifera in this and
previous researches, it could be concluded that the Tirgan Formation
were deposited in the shallow environment. The abundance of
benthic foraminifers and the absence of planktonic foraminifera
support the shallow depth of the sedimentary basin during the
deposition of Tirgan Formation.

The high diversity of benthic foraminifera with other bryozoans,
echinoids and brachiopods, together with bioclasts and peloids can
also represent a shallow marine environment within the photozone
on an open sea platform with regular salinity and temperature,
which has caused the oligotrophic communities to show good
growth and prosperity on the sea floor.

Due to the diversity and abundance of surface benthic foraminifera
in the studied sections of the Tirgan Formation, it was deposited in
an environment with a relatively sufficient amount of oxygen and
nutrients during its formation.

Orbitolins with thick crusts in microscopic thin sections can also
testify to the shallowness of the Kopeh- Dagh sedimentary basin

during the formation of the Tirgan Formation.
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Figure 1. The location of studied maps in index map of 1:1000000, Geological Survey of Iran, North

east territory.
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Figure 2. Road maps and geological names of the studied area.
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Family: Charentiidae Loeblich & Tappan, 1985
Genus: Charentia Neumann, 1965
Type species: Charentia cuvillieri Neumann, 1965
Charentia cuvillieri Neumann, 1965
Pl. 1 Fig. B
1965 Haplophragmoides persica n. sp. Gollestaneh, p. 149-150, pl. 13, figs.
1-5, pl. 14, figs. 1-7.
1965 Charentia cuvilieri n. sp. Neumann, p. 93-95, pl. 2, figs. 6-12.
1985 Charentia cuvillieri Neumann, Arnaud-Vanneau, p. 17-18, pl. 3, figs.
1-11.
2010 Charentia cuvillieri Neumann, Ivanova & Kolodziej, p. 27, pl. 3, figs.
5-10.
2014 Charentia cuvillieri Neumann, Khodashenas et al., p. 208, fig.3 fig p.
2014 Charentia cuvillieri Neumann, Schlagintweit, p. 29, fig.2 a-c.
2016 Charentia cuvillieri Neumann, Schlagintweit et al., p. 123, pl. 6, figs.
E-F.
2017 Charentia cuvillieri Neumann, Yavarmanesh et al., p. 800, fig 3f.
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Family: Mayncinidae Loeblich & Tappan, 1985
Genus: Mayncina Neumann, 1965
Mayncina cf. bulgarica Laug, Peybernés and Rey, 1980
P11 Fig.C

1988 Mayncina cf. bulgarica Laug, Peybernés and Rey, Bucur, pl.1, fig. 14.
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Phylum: Sarcodina Loeblich and Tappan, 1964
Class: Rhizopoda Loeblich and Tappan, 1964
Order: Foraminiferida Eichwald, 1830
Family: Cuneolinidae Saidova, 1981
Subfamily: Cuneolininae Saidova, 1981
Genus: Cuneolina d’Orbigny, 1839
Type species: Cuneolina pavonia d’Orbigny, 1846
Cuneolina sliteri Arnaud-Vanneau and Premoli Silva, 1995
Plate 1 Fig. A
1995 Cuneolina sliteri n. sp. Arnaud Vanneau and Premoli Silva, p. 201 fig.
1; p. 207 pl. 3, figs. 1-9
2010 Cuneolina sliteri Arnaud Vanneau and Premoli Silva, Spalluto and
Caffau, p.346 fig.11 A
82-Nm-44 14 god —
bl SV GIE 5 S ST 0T i 5 S0 e 85 S iy 1idwgim
G o 3l gy Goomn LB 53 Sl 35 5 sl pla g i 0
Dl e oo 033 03,25 (oS 5 3,855 03 4 5 0B S (S S Dl e i)
S S8 e 83 RS SR e Do 4 3 5 sy 93
Fas oS B Ol 4 S G Ol il (ahS e L E
Lok

55,0 g S Wl eea b SO 5 LCAlS old Cro 5 & gas

\td



PA=19:(1) PO <1 Fol guoj pgle/imy pill salzo o yo/..... Gl ju 33 jlw S29S (5 ju8S Gl 120 g lipgsod 12> g Suslaiuww

L g ot T3l 2 e b Sl 51 6508 nl 1) 9 (SIS (9 g —
Lo g e T= sl e b oS 8 58 5l g 15 (Neagu, 1986) 55
et el 0l u:.)lf (Voznesenskii et al., 2002) ol,&Kes di...;...;j}
b s cmesb o b (Neagu, 1968) S5 Lw s Sley, Dobrogea oy isw |
L 5 (Neagu, 1984, 1985, 1986) S Lo 5 Slag) 51 s 5 T= 5L p
Uil S (Neagu, 1984, 1985, 1986) K5 Jaw 55 5udT = oy 3355808 Ty

el ol
Genus: Quinqueloculina d’Orbigny, 1823
Type species: Serpula seminulum Linne, 1758
Quinqueloculina sp.
Plate 1 Fig. D
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Family: Hauerinidae Schwager, 1876
Subfamily: Hauerininae Schwager, 1876
Genus: Rumanoloculina Neagu, 1984
Rumanoloculina robusta Neagu, 1985
Plate 1 Fig. F
1985 Rumanoloculina robusta (Neagu), Neagu, p. 213, pl. 5, figs. 21-24.
1986 Rumanoloculina robusta (Neagu), Neagu, p. 315, pl. 7, figs. 23-25; pl.
8, Figs. 30-38, Text-Fig. 2.
1995 Rumanoloculina robusta (Neagu), Bucur et al., pl. 3,figs. 6-9.
1995 Rumanoloculina robusta (Neagu), Arnaud -Vanneau, Premoli Silva,
p- 209, pl. 5, fig. 10.
1999 Rumanoloculina robusta (Neagu), Ivanova, Pl. 2, figs. 9, 10.
2017 Rumanoloculina robusta (Neagu), Yavarmanesh et al., p. 801, fig4. f.
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Family Haplophragmoididae Maync, 1952

Genus: Debarina Raoult, Fourcade, and Vila, 1972

Yy

2002 Mayncina bulgarica Laug, Peybernes and Rey,Voznesenskii et al., P1.
2, fig. 25.
2004 Mayncina bulgarica Laug, Peybernes and Rey, Ivanova and Koleva-
Rekalova, pl. 3, fig. 10.
2007 Mayncina bulgarica Laugh, Peybernés and Rey, Krajewskii, M. and
Olszewska, B, fig. 4. J, K
2012 Mayncina bulgarica Laug, Peybernés and Rey, Rami et al., 69, fig.
7-1.
2014 Mayncina bulgarica Laug, Peybernés & Rey, 1980 (from Gollestaneh,
1965: pl. 216, fig. 5, pl. 218, fig. 2, pl. fig. 3)
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Suborder: Miliolina Delage & Herouard, 1896
Superfamily: Miliolacea Ehrenber, 1839
Family: Hauerinidae Schwager, 1876
Subfamily: Hauerininae Schwager, 1876
Genus: Quinqueloculina d’Orbigny, 1823
Type species: Serpula seminulum Linne, 1758
Quinqueloculina egmontensis, Lloyd, 1962
Pl 1Fig. E
1962 Quinqueloculina egmontensis Lloyd, n.sp.; Lloyd, p. 376, pl. 2, figs.
Ta-c.
1968 Quinqueloculina robusta Neagu, Neagu p. 566, pl. 1, figs. 8-17; pl.
7, figs. 1-3
1993 Quinqueloculina verbizhiensis Dulub, Dulub and Zhabina, pl. 2, fig. 7.
2008 Quinqueloculina robusta Neagu, Ivanova et al., fig. 7, C, D.
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1965 Ammobaculites subcretaceus Cushman and Alexander, Neagu, pl. 1,
figs. 4-6.
1990 Ammobaculites subcretaceus Cushman and Alexander, Weidich, p.92.
taf. 2, figs. 13-16.
1991 Ammobaculites subcretaceus Cushman and Alexander, Schmalzriedt
p- 100, pl. 5, Fig. 6
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Superfamily: Spiroplectamminacea Cushman, 1927
Family: Spiroplectamminidae Cushman, 1927
Subfamily: Spiroplectammininae Cushman, 1927
Genus: Spiroplectammina Cushman, 1927
Type species: Textularia agglutinans d’Orbigny var. biformis Parker and
Jones, 1865
Spiroplectammina sp.

Plate 2 Fig. E
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Family: Verneuilinidae Cushman, 1911
Subfamily: Verneuilinoidinae Suleymanov, 1973
Genus: Gaudryinopsis Podobina, 1975
Gaudryinopsis sp.
Plate 2 Fig. F, Plate 3 Fig. A
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Type species: Debarina hahounerensis Fourcade et al., 1972
Debarina hahounerensis Fourcade et al., 1972
Plate 2 Fig. B
1995 Debarina sp. cf. D. hahounerensis Fourcade, Raoult and Vila, 1972,
Arnaud -Vanneau, Premoli Silva, p. 202, pl 1, figs. 1,2.
2014 Debarina hahounerensis Fourcade et al., Afghah and Shaabanpour
Haghighi, p.283, pl.2. 2
2015 Debarina hahounerensis Fourcade et al., Babazadeh and Esmaeili De-
hej, p. 735, fig 6. m,.n.
2017 Debarina hahounerensis Fourcade et al., Yavarmanesh et al., P. 801,
figd. d.
2019 Debarina hahounerensis Fourcade et al., Gheiasvand et al., p. 9, fig.
8. m.
2019 Debarina hahounerensis Fourcade et al., Gheiasvand et al., p. 9, fig.
8. m.
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Debarina sp.

Plate 2 Fig. A
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Family: Lituolidae deBlainville, 1827
Subfamily: Ammomarginulininae Podobina, 1978
Genus: Ammobaculites Cushman, 1910
Type species: Spirolina agglutinans d’Orbigny, 1846
Ammobaculites subcretaceus Cushman and Alexander 1930

Plate 2, Figs. C, D
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Genus: Verneuilinoides Loeblich and Tappan, 1964
Type species: Verneuilina schizea Cushman and Alexander, 1930
Verneuilinoides neocomiensis, Mjatliuk, 1939
PL. 3, Fig. B
1939 Verneuilinoides neocomiensis, Mjatliuk, p. 50, P1. 1, Figs. 12, 13.
1974 Verneuilinoides neocomiensis (Mjatliuk), Kuznetsova, pl. 1, figs. 6 a-c.
1989 Verneuilinoides neocomiensis (Mjatliuk), Riegraf and Luterbacher, p.
1093, pl. 2, figs. 10-12.
1992 Verneuilinoides neocomiensis (Mjatliuk), Kaminski et al., p. 256, pl.
7, fig. 13.
1992 Verneuilinoides neocomiensis (Mjatliuk), Jones and Wonders p. 563,
pl. 1, fig. 21.
2007 Verneuilinoides polonicus (Cushman & Glazewski), Krajewski and
Olszewska, p. 297, fig. 8 b.
82-Nm-40 :4igod —
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Olewgd 5l (Ivanova and Kolodziej, 2010) = 535S 5153l 531 Jow 55 03 0l 4 505
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Superfamily: Nodosarioidea Ehrenberg, 1838
Family: Vaginulinidae Reuss, 1860
Subfamily: Lenticulininae Chapman, Parr, & Collins, 1934
Genus: Lenticulina Lamarck, 1804
Type species: Lenticulites rotulatus Lamarck, 1804
Lenticulina sp.1
P13 Fig. C
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Lenticulina sp.2

P13 Fig. D
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Table 1. The primary petrographic characteristic of some thin sections from Tirgan Formation in Bajgiran and Bazangan maps.

Non-
S 1 t hy i F inife
e L r'ograp‘ v oramintiera foraminifera Non-skeletal grain Paleoenvironmental condition
number thin section content
content
. . L Medium energy and shallow environment,
Bioclastic Echinoid . .
82-Nm-2 ooids under the wave base (probably in front of
packstone fragments
the shoal and bar)
. . . . Medium energy and shallow environment,
Bioclastic Radial ooids, . X
82-Nm-2 ooids under the wave base (probably in front of
packstone Byozoa
(the shoal and bar
. . Medium energy and shallow environment,
Bioclastic Lo X
82-Nm-9 Orbitolina Bryozoa under the wave base (probably in front of
packstone
the shoal and bar)
82-Nm-10 Orbitolina Orbitolina peloid Shallow and low-energy environment
wackstone (lagoon)
Shall d high i t (th
82-Nm-29 Oolitic grainstone ooids allow and high energy environment (the
shoal or ramps)
82-Nm-31 Oolitic grainstone Ammobaculites Shallow and high energy environment (the
subcretaceus shoal or ramps)
82-Nm-33 Biocla-stic oolitic Gastropod ooids Shallow and high energy environment
grainstone (fore reef)
82-Nm-34 Bioclastic Ammobaculites peloid Shallow and low-energy environment
wackstone subcretaceus (lagoon, back reef)
82-Nm-35 Bioclastic Iraquia sp. peloid Shallow and low-energy environment
wackstone (lagoon, back reef)
High d shall i t
82-Nm-39 | Oolitic grainstone Ooid 1811 energy and shatiow environmen
(shoal or reef)
82-Nm-43 Orbitolina Orbitolina peloid Shallow enviror.lment, (back reef or
wackstone nonrestricted lagoon
Bioclastic
79-b-24 packstone Orbitolina Ooid High energy and shallow environment
grainstone
Bioclasti B High hall i
82-Nm-44 ioclastic -ryfozoa,. Intraclast igh energy, shallow Open marine
packstone Echioide spine (Outer ramp)
82-Nm-4d Bioclastic Iraqua simplex High energy, shallow Open marine
packstone (Outer ramp)
82-Nm-75 Oolitic‘packstone Ooid, Intraclast High energy and shallow environment
grainstone (shoal or reef)
79-b-63 Intrfclclastic Lenticulina sp. High energy and shallow environment
grainstone (shoal or reef)
82-Nm- High d shall i t
m Oolitic grainstone Bryozoa Ooid, Intraclast 1871 entgy and shatlow crivironmen
81-6 (shoal or reef)
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Plate 1

E 300pm F 500um

A- Cuneolina sliteri, Praeorbitolina wienandsi, Sample number 82-Nm-44, Bajgiran sheet; B- Charentia cuvillieri,
Sample number 82-Nm-31, Bajgiran sheet; C- Mayncina cf. bulgarica, 82-Nm-44, Bajgiran sheet, D- Quinqueloculina sp.,
Sample number 79-b-50, Bazangan sheet; E- Quinqueloculina egmontensis, Sample number 82-Nm-11, Bajgiran sheet; F-

Rumanoloculina robusta, Sample number 82-Nm-10, Bajgiran sheet.

Plate 2

D 500pm E 300pm F 500um

A- Debarina sp., Sample number 82-Nm-73, Bajgiran sheet; B- Debariana hahounerensis Sample number 82-Nm-40, Bajgiran
sheet C- Ammobaculites subcretaceus, Sample number 82-Nm-31, Bajgiran sheet; D- Ammobaculites subcretaceus, Sample
number 82-Nm-34, Bajgiran sheet; E- Spiroplectammina sp., Sample number, 79-b-15, Bazangan sheet; F- Gaudryinopsis sp.,
Sample number, 79-b-32, Bazangan sheet.
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Plate 3

C 300um D 300um
A- Gaudryinopsis sp., Sample number 82-Nm-73, Bajgiran sheet; B- Verneuilinoides
neocomiensis, Sample number 82-Nm-40, Bajgiran sheet; C- Lenticulina sp.1, Sample
number, 79-b-63, Bazangan sheet; D- Lenticulina sp.2, Sample number, 82-Nm-75,

Bajgiran sheet.

Plate 4

—— — —
D P E 500pm F =005

A- Bioclastic packstone, containing Echinoid fragments, Sample number 82-Nm-2 B- Bioclastic packstone, containing Bryozoa, Radial

ooids, Sample number, 82-Nm-2; C- Bioclastic packstone, containing Bryozoa, Sample number 82-Nm-9. D- Orbitolina wackstone,
containing Palorbitolina lenticularis, Sample number 82-Nm-10; E- Bioclastic packston, containing Bryozoa, Sample number §2-Nm-

9. F- Oolitic grainstone, containing Radial Ooid, Sample number 82-Nm-29.
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Plate 5

D 500um E 500pm F 500pum
A- Oolitic grainstone, containing Ammobaculites subcretaceus, Sample number 82-Nm-31; B- Bioclastic oolitic packstone grainstone,
containing Gastropoda, Radial Ooid, Sample number 82-Nm-33; C- Bioclastic wackstone, containing lraquia sp., 82-Nm-35; D-
Bioclastic wackstone, containing Ammobaculites subcretaceus, 82-Nm-34; E- Oolitic grainstone, containing Radial Ooid, Sample

number 82-Nm-39; F- Orbitolina wackstone, containing Palorbitolina lenticularis, 82-Nm-43.

Plate 6

—
sooum  F

A- Bioclastic packstone, containing Bryozoa, Echioide spine, 82-Nm-44; B- Bioclastic packstone, containing lraqua simplex,
Paleodictyoconus sp., 82-Nm-44; C- Oolitic packstone grainstone, containing Radial Ooid, Sample number, 82-Nm-75; D- Oolitic

grainstone, containing Radial Ooid, Sample number, 82-Nm-81-6; E- Bioclastic packstone grainstone, Conicorbitolina concave, Sample

number, 79-b-24-11; F- Intraclastic grainstone, Lenticulina sp., Sample number, 79-b-63

Y
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